Uganda's only alkaline lakes are found in the Queen Elizabeth Conservation Area and the adjoining Kyambura Wildlife Reserve. Both are Important Bird Areas, a status to which the birds of the lakes contribute. A total of 179 waterbird counts were made between 1984 and 2000, covering eight of the nine alkaline lakes, all of which are small explosion craters. Of the 75 species counted, all but three were non-specialists. Maxima are given for all species, together with seasonal data for five crater lakes. Four lakes regularly supported more than 1,000 Lesser Flamingos each, the maximum being 60,000. They were Maseche, Bagusa, Nshenyi and Munyanyange. Breeding has been attempted, but has been unsuccessful so far. The more important flamingo lakes had high values for conductivity, above 15,000 μS cm -2
INTRODUCTION
The western rift valley in Uganda, also known as the Albertine Rift, contains over a hundred explosion craters. They originated during the development of the Rift, probably only a few thousand years ago (H. Osmaston, pers. comm.) . Some 50 of the craters lie within the Queen Elizabeth Conservation Area (QECA), which includes the QE National Park, Kyambura Wildlife Reserve (KWR) and the Kazinga Animal Sanctuary. Together, these comprise two of Uganda's Important Bird Areas (Byaruhanga et al., 2001) . Eighteen of the craters contain lakes, and of those nine are alkaline. Regular counts have been made of the waterbirds on these alkaline lakes, which support a higher diversity of species compared to the freshwater lakes. Several of the lakes lie within the Maramagambo Forest. This study includes all the alkaline lakes with high waterbird numbers and species richness, and one freshwater lake (figure 1). In this paper, we document the waterbirds as well as indicate the conservation importance of Uganda's only alkaline lakes.
Figure 1. Part of the Queen Elizabeth Conservation Area (29°50'-30°12' E, 0°00'-0°10' south), showing the crater lakes included in this study ((F) = Freshwater, the remainder being alkaline). The two parts of the Kazinga Animal Sanctuary are stippled.
The alkalinity of some of the lakes is largely associated with sodium and potassium salts, and presence of calcium and magnesium ions. For this reason, we prefer the term alkaline to saline. For hundreds of years, people have been extracting salt from Lake Katwe, which has sufficiently high concentrations of both sodium and chloride ions. In the 19 th century, Lake Katwe was on the Arab trade routes because of its salt, as well as ivory. Presently it is the main salt industry in the area with several thousand people working, while a few others work for the only other, but small-scale, salt industry at Lake Kasenyi.
Whilst very small compared to the famous lakes in Kenya and Tanzania, in the eastern rift valley such as Bogoria, Natron and Nakuru, the alkaline lakes in western Uganda are of considerable ornithological interest. They are all shallow, with the depths of most being less than a metre. Other major characteristics of the lakes considered in this study are given in 6-10.7 8.7-12.3 8.5-11.5 8.9-9.5 10.0-11.6 10.5-11.7 9.4-10.0 8-12.7 7.7-9.2 7.3-9.0 Notes a maxima exceeding 1000 (Table 2) . b lake areas as shown on 1:50,000 maps represent 'high water marks' c completely dry in some years d from Mungoma (1990) 
MATERIALS AND METHODS
Waterbird counts have been carried out regularly at a number of lakes in Uganda since 1984, mainly by DP and MW (but see also the Acknowledgements); and at the KWR lakes since 1994 by a NatureUganda team led by AB. The counts were done using standard binoculars and telescopes. Most of these lakes are approximately 1 km or less across, but in some, notably Kikorongo and Munyanyange, many counts involved a complete circuit of the lake, on foot. Where time allowed, total counts were made, but not all counts at all lakes were total counts, and hence results are mainly given as maxima rather than averages. Water in all the nine lakes was sampled by Christine Alokait in 1998; some of her data are included in table 1. Standard meters were used to determine the conductivity and pH. Conductivity is a measure (in micro-Siemens per centimetre) of total ionic nutrients in the water, and like pH is readily measured in the field. Alkalinity, which was measured in the laboratory by titration, reflects the amount of bicarbonate present, which in turn is important for algal production. These values are taken from a review by Mungoma (1990) which, however, included only four of the lakes in this study, those for Lake Kikorongo being pre-1990 values. Periodically Lake George's fresh waters overflow into the nearby Kikorongo. Between floods the water level in Lake Kikorongo drops as a result of evaporation, and it becomes increasingly alkaline. This was the case during the present study. Until 1992, the lake was small due to low water levels. A series of floods from 1993 onwards progressively raised the water level by about 10 metres and consequently diluted it, so that by the year 2000, its composition was approaching that of a freshwater lake (table 1) . Table 2 shows the highest numbers of all species recorded at all lakes. The alkaline lakes fall naturally into three groups according to the numbers of Lesser Flamingos: (1) those that regularly support thousands of Lesser Flamingos, (2) those that have few, and (3) those that have none. Of the 75 species included in the table, 72 are waterbirds (W and w, as described in the footnote to table 2). The remaining few species, such as the Cattle Egrets, are included because of their regular use of the lake areas.
RESULTS AND DISCUSSION

Numbers and seasonality
Seasonal data for the five most-frequently visited lakes are given, from west to east, in tables 3 to 7 (the KWR lakes are usually only visited for waterbird counts in January and July). Amongst the species that show marked seasonality are the five included in figure 2. At Lake Munyanyange, the peak numbers of most waterbird species, including Lesser Flamingos, occur from October to December when the lake levels are normally high. Flamingo numbers at all lakes vary greatly (see below) and undoubtedly long-distance migration is involved, since the nearest other places with thousands of flamingos are all in the eastern rift valley, more than 600 km away. They are probably mainly influenced by water levels, which indirectly affect their food supply; but sometimes, when the lakes dry up, the effect is direct.
The Avocet was only recorded twice in Uganda before 1980 (Carswell et al., in press ), but during the 1980s and 1990s it has been frequent at Lake Munyanyange. However, that is the only place in Uganda where it occurs regularly, primarily as a (Carswell et al., in press) , and are preceded by their atlas numbers. winter visitor, although its status elsewhere in East Africa is not clear (Britton, 1980 , Lewis & Pomeroy, 1989 , Zimmerman et al., 1996 . Lesser Black-backed Gulls and Gull-billed Terns are winter visitors too, whereas the White-winged Black Tern is predominantly a passage migrant with numbers peaking in April-June. These last three species feed extensively on Lakes George and Edward, which are fresh, using Lake Munyanyange (and occasionally other places such as the Kazinga Channel) for roosting. Interestingly, the White-winged Black Tern is most frequent elsewhere in QECA on autumn passage, mainly November-December (MW, pers. obs.). 
Conservation values
Some of the species recorded are of global conservation importance (BirdLife International, 2000) , and others are on the East African Red Data List (Bennun and Njoroge, 1996) . Both Lesser Flamingo and African Skimmer are globally-listed as nearthreatened, and five additional species are considered to be regionally vulnerable (table 2) . Four more species, including the White Pelican, are listed as being of lesser concern, regionally. (There is also an unconfirmed record of 1,800 White Pelicans on Lake Kasenyi (Byaruhanga et al., 2001) ). Several of these species have been recorded in significant numbers, with the Lesser Flamingo and White Pelican, together with the nonthreatened Black-winged Stilt and Gull-bulled Tern, exceeding the Wetland International's threshold numbers for congregatory species (Dodman et al. 1997) . Today, the Kyambura craters are by far the most important site in Uganda for Lesser Flamingos. Because of their attractive, partly-forested setting, these craters also have considerable potential for tourism development. For quite different reasons, Lakes Kasenyi and Munyanyange could also become important tourist sites. Kasenyi is close to the most popular lion-viewing area in the QECA, whilst Munyanyange is only a 15-minute drive from the park headquarters at Mweya. It is a sanctuary, within the park, and can readily be circumnavigated by car or on foot, making bird-watching very easy. Fifty-three waterbird species (W and w) have been recorded from this small lake, indicating a remarkably high level of diversity. Table 4 The alkaline lakes have other conservation values. These include salt licks for large mammals, and a number of rare salt-tolerant plants that occur around the edges of the lakes (A.B. Katende, pers. comm.).
Species richness (the total numbers of species) was higher in lakes with intermediate alkalinity (table 1) and especially on those that are shallow with large areas of exposed mud. Lake Munyanyange is so shallow that the larger species can often be seen wading hundreds of metres from the shore.
The congregations of Gull-billed Terns at Lake Munyanyange, Great White Pelicans at Kasenyi, and Lesser Flamingos in the KWR, all meet the criteria for Important Bird Areas. Clearly these crater lakes, like those to the south of Fort Portal (Pomeroy and Seavy, 2003) , are of value for conservation, as well as for their physical attractions as landscape features, and economically for the salt. Table 6 . Maximum counts for Lake Kikorongo, 1984 Kikorongo, -1999 Table 4 Lesser Flamingos There are interesting historical records of Lesser Flamingos at the QECA dating back to 1906 when attempted breeding was first recorded by Pitman (1942) . In the 1930s, up to 40,000 Lesser Flamingos attempted to breed, mainly on Lake Kikorongo, but only a few were reported in the 1950s (Din & Eltringham, 1976) . These birds were no longer found on Lake Kikorongo after it was diluted by heavy rains and flooding from Lake George in the early 1960s. However in 1968-1970 small numbers were seen on Lake Bagusa (Din & Eltringham, 1970) . During that time the Lesser Flamingo was only an occasional visitor, in small numbers, to the QECA. A series of aerial counts over Lake Bagusa gave a peak of 1,121 in April 1969: then in 1974, 20,000 were found in a complete survey of the QECA (Din & Eltringham, 1976) . During the 1990s, Lesser Flamingo numbers on Lake Bagusa ranged from 69 to 60,000 (Nature Uganda, unpublished), reflecting a general increase in the QECA. Din & Eltringham (1976) pointed out that the major influxes of Lesser Flamingos in the QE area had been in every third decade: the 1900s, 1930s and 1960s, prompting them to comment '… before a further massive visitation by flamingos in the 1990s is forecast …'. Remarkably, the numbers in the 1990s were as high as had ever been reported previously! And of the four decades with high flamingo numbers, breeding was attempted in all but the 1930s: recorded months with nests or eggs are from December to February. So far, however, no breeding attempt has been successful.
Alkaline lakes are expected to have a high biomass of algae and flamingos are more-orless confined to a diet of algae (table 2). The algae are equally numerous on lakes with a conductivity value of only 37,000 μS cm -2 as on those where the conductivity is much higher (figure 3). For comparison, values of conductivity on Lake Nakuru, where flamingo numbers can exceed a million, are lower-ranging from 14,000 to 26,000 μS cm -2 (Vareschi, 1978) . Under these conditions the alga Spirulina platensis, a major food source of the Lesser Flamingo, flourishes. Species richness (the total numbers of species) was higher in lakes with intermediate alkalinity (tables 1 and 2) and especially on those that are shallow with large areas of exposed mud. Lake Munyanyange is so shallow that the larger species can often be seen wading hundreds of metres from the shore.
The congregations of Gull-billed Terns at Lake Munyanyange, Great White Pelicans at Kasenyi, and Lesser Flamingos in the KWR, all meet the criteria for Important Bird Areas. Clearly these crater lakes, like those to the south of Fort Portal (Pomeroy and Seavy, in prep.) , are of value for conservation, as well as for their physical attractions as landscape features, and economically for the salt.
